A summary is given of the multimode, Rayleigh wave response characteristics for dip-slip sources. The sources are located at various depths within the crust of a shield structure.
We also adopt the source geometry, co-ordinate system and notation of Panza et al. (1973) . Thus, for a dip-slip source-say 1 = 27W-the Fourier time transform of the radial component of displacement at the free surface is given by where it is assumed that the ellipticity, e0, is positive. 
Special cases
We first consider the special cases of dip-slip motion in which true zeros of the amplitude spectra occur; these zeros are accompanied by abrupt half-circle (n-radian) shifts in the apparent initial phase. This behaviour is associated with dip angles of 90°, 45", and 0"; since the response to motion along the auxiliary plane is not distinguishable from that along the fault plane, only dip angles of 90" and 45" will be discussed.
In Fig. 1 , we show the period-depth dependence of the apparent initial phases for these special cases. In this figure, the apparent-initial-phase information is given for all periods and all source depths. The lines separating regions with phases of f 3n/4 and T n/4 radians are lines of zero amplitude. For 6 = 90", these lines are the loci of zeros of the stress component zzx(T, h), where T is the period and h is the source depth. For 6 = 45", these lines are zeros of G . F. Panza, F. Schwab and L. Knopoff For dip slip on a vertical fault plane, the apparent phase velocities and normalized excitations for the radial component of displacement at the free surface are presented in Fig. 2 . This information is given for four different source depths within the crust. The most general feature to be noted from this summary of information is that all characteristics of the response-maxima, minima, and phase shifts-shift to shorter periods with decreasing source depth. The fundamental mode dominates the other modes over a wider frequency band, starting at long periods, as source depth decreases: It dominates down to about 9 s for a source at the base of the crust (h = 35 km), down to about 4 s for h = 16-5 km; at h = 7 km, it is dominant over the entire period range of interest; and at h = 1.5 km, the dominance increases still further except for the period range near 12 s which contains a zero in amplitude and a phase shift of rt-radians for the fundamental mode.
The apparent phase velocities for the sum of all the modes are given for three epicentre-receiver separations. For this particular source type,
(6) (7) when (z,,(T, h) 
When this quantity is less than zero, As expected, cA approaches C, as r increases, and at any given period, cA is associated with the mode whose amplitude excitation is dominant. For the case h = 1.5 km, we see an example of the effect on cA of the abrupt shift of rt-radians in the apparent initial phase of this type of source.
Interference among the modes is displayed by the combined excitation functions (dashed lines) in Fig. 2 . When the amplitude of the dominant mode is less than about 10 times more than that of the other modes, small oscillations are present in the spectrum of the total waveform; the amplitude of these oscillations increases as the amplitudes of the largest modes become comparable. When two modes have equal amplitudes, they can interfere constructively or destructively, depending upon their relative phases. This is demonstrated at a period of about 9 s for h = 35 km. The ratio of the amplitudes of the individual modes, for a given h, is independent of distance r; however, the amplitude spectrum of the total seismogram is distance dependent, as is evident from the differences between the curves for r = 400 and 600 km.
For dip slip on a fault plane inclined at 45" below the horizontal, the apparent phase velocities and excitation functions are shown in Fig. 3 . In this case, the apparent (5) is negative. The summary shown in Fig. 3 is similar to that given in Fig. 2 . There are three differences however: First, the longest-period n-radian phase shift for 6 = 45" occurs at a significantly shorter period than it does for a vertical fault plane; second, in general, at long periods the source with 6 = 45" exhibits greater higher-mode excitation relative to the fundamental; and third, for h = 16.5 km and 6 = 45", the hole in the amplitude excitation for the first higher mode near 3.5 s causes cA to jump from the fundamental to the second, rather than the first higher mode.
General case
From (l), we see that the response to dip-slip motion is proportional to x = 3 sin 26(A cos 20-B) + iC cos 26 sin 8.
(10) The two special cases described in the preceding section correspond to pure real values of x for 6 = 45" and pure imaginary values of x for 6 = 90". Thus, the zeros in amplitude and n-radian shifts simply indicate the periods at which the real part of x goes through zero and changes sign for 6 = 45", or the imaginary part of x does the same for 6 = 90". In general, x is complex and only one of its components goes through zero at a time. Thus, in this case, we expect neither true zeros of the excitation functions nor abrupt n-radian shifts of the apparent initial phase. In this general case, the smoothness of the excitation curves will be disturbed by finite minima, or at least kinks, and the apparent initial phases will vary continuously with period. In the general case, we can therefore have continuous crossings of the C , and cT curves when the real part of exp (ikj r ) UrDC is positive and the imaginary part goes through zero; when Im [exp (ikj r ) U / " ] goes through zero and the real part is negative, the apparent initial phase recedes continuously from zero through a value of n or -n radians. At these points, we introduce a 2n-radian phase jump-or full-integer jump (FIJ) in circles-in order to stay always within n-radians of the phase corresponding to the true phase velocity.
In Fig. 4 , we give an example of the general response to a dip-slip source, at the base of the crust (11 = 35 km), for the individual modes and their superposition. For the individual modes, the full details of the normalized amplitude are given in Fig. 4(E) . The magnitude and form of the dominant mode, at periods below 40 s, are almost identical to the corresponding responses for 6 = 45" and 90". The transition from true zeros to finite minima and kinks of the amplitude can be seen by comparing the behaviour of these curves, at about 12 s for the higher modes and at the longest periods shown for the fundamental, with the corresponding curves for 6 = 90" ( The depth dependence of the apparent phase velocity and normalized excitation is given in Fig. 5 for dip-slip motion on a fault plane inclined at 60" from the horizontal. If these curves are compared to those in Fig. 3 , where 6 = 45", much the same overall form will be noted. The three principal differences are that the apparent phase velocity is generally farther from cT in the case 6 = 45"; that the abrupt n-radian phase shifts for 6 = 45" are replaced by relatively gentle variations in phase which allow cA to cross cT continuously when 6 = 60"; and that the cross-over points are associated with period ranges where the amplitude, and hence signal from the dominant mode, essentially vanish when 6 = 45", while the mode remains dominant in the cross-over range when 6 = 60". The last point is illustrated at the cross-over period of about 4 s, for a source depth of 1.5 km, in Figs 3 and 5.
k-----------
In Fig. 6 , we collect amplitude and phase information for several values of 6 for the dominant mode generated by a dip-slip source at h = 7 km. Here, as also can be seen from equation (l), it is noted that the excitation is symmetric about 6 = 45". At the longest periods shown, the amplitude increases from its minimum value at 6 = 0", through an intermediate magnitude at 6 = 30" to its maximum at 45" and then back down through 60" to its minimum at 6 = 90". As period decreases, the variation of the excitation with 6 also decreases until a period of about 27 s is reached; at this period, the amplitude is independent of 6. In the period range centred about 20s, the long-period dependence on 6 is reversed: At 0" and 90", the excitation is greatest; at 30" and 60", intermediate magnitudes are found; at 45", a true zero occurs. As the period decreases from 20 s, the dependence upon the dip angle again decreases and becomes negligible at the shortest periods shown. The curves of cA also vary in a regular manner as 6 changes: At 6 = go", cA is well above cT for all periods shown; as 6 decreases just below 90°, c, crosses cT smoothly and continuously at long periods; as 6 decreases toward 45", this cross-over period decreases to about 20 s; at 6 = 45", the cross-over becomes an abrupt nradian shift, with cA above cT at periods below the shift, and below cT above the cross-over; as 6 decreases below 45", the cross-over becomes a full-integer jump ( 2 x radians), the period at which it occurs decreasing with 6; at 6 = 0", cA lies beneath cT over the entire period range shown.
Azimuthal dependence of response
In the preceding discussion, we have limited ourselves to descriptions of period dependence of amplitude and phase characteristics at one value of 8". In this section, we describe the azimuthal dependence of the Rayleigh wave response to dip-slip motion, as a function of the angle of dip of the fault plane.
* For dip-slip on a vertical fault plane-A = 90" or 270", and 6 = 90"-the response at all azimuths can be inferred from that at a single value of 8, say 8,, where O"< 8, < 180". To obtain the excitation at 8, the computed amplitudes are multiplied by Isin elsin O0l and a-radians are added to the computed phases if 180" < 8 < 360". This particular focal mechanism is treated in detail in Part I (Panza ef nl. 1973). The spectral response, as a function of 0, is given in Fig. 7 for 6 = 45" and 60". Explicit results are given for 0" < t3 < 180"; information for 180" < 0 < 360" is obtained from the symmetry relations lu, Dc(e+n) 
The difference between equation (12) and the corresponding relation given by BenMenahem & Harkrider (equation (41) 1964) is due to the use of different source-time functions: We have used a step function which we believe to be more realistic, whereas they employed a delta function. From equation (l), it will also be seen that the radiation from dip-slip sources satisfies the additional symmetry relation
i.e. both amplitude excitation and apparent initial phase are symmetric across the line t 3 = 90". For 6 = 45", the same excitation features arise for all values of 8: there are two spectral maxima separated by a true zero in amplitude; there is a phase shift of n-radians across the hole in the spectrum (Fig. 7) . The amplitude of the shortperiod peak increases as 8 approaches 90". The period of the short-period peak and the spectral amplitude at T = 11 s are independent of 8, and depend only on the depth of focus. The periods of the hole in the spectrum and the long-period maximum are shifted to shorter and shorter periods as 6 approaches 90". The magnitude of the long-period maximum also increases as 8 approaches 90"; the increase in the longperiod maximum is more marked than that of the short-period peak.
Except for the absence of the amplitude zero, the excitations for 6 = 60" are very similar in form and magnitude to those for 6 = 45" (Fig. 7) ; in fact, for 0 equal to 0" (or 180") , the curves for 6 = 45" and 6 = 60" are virtually the same in almost all respects. The major difference in the response to dip-slip for 6 = 60" is found in the apparent initial phase, which now changes gradually over the period range, with the maximum rate of change of initial phase occurring at the same periods as in the case of the abrupt phase shifts found for 6 = 45".
For dip-slip sources, the dependence of the azimuthal radiation pattern on 6 is illustrated in Fig. 8 for the case of the dominant mode at T = 20 s, h = 7 km. The amplitude radiation patterns are symmetric about 6 = 45", as may be seen from (1). The main feature of the dip-slip amplitude radiation patterns is the dipolar character in which the strongest excitation occurs at azimuths of 90" (or 270"). This dipolar character is found for all the periods we tested, from 6-6 to 120 s, when the dip angle is not in the vicinity of 45". Even for 6 = 45", the quadrupolar character of the radiation generally has a preferential excitation at 6 = 90" (or 270") (Fig. 7) ; however, in the period interval 11-1 8 s, the maxima of the pattern are at azimuths of 0" and 180".
From the results given in Fig. 8 , we can compare the relative efficiencies of dip-slip sources, with different values of 6, in exciting Rayleigh waves.
